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All Season Petroleum Hydraulic
Fluid for Ground Equipment

JOSEPH MESSINA and ABRAHAM MERTWOY
U. S. Army, Frankford Arsenal, Pitman-Dunn Research Laboratories
Philadelphia, Pennsylvania 19137

I low U,, jutri petroleum base hydlraulic flid bai tag unti-near, Because it is neither economically feasible to modify

rust pywo't aon d oxidation stabiliftt diara-terititci. has been the large number of tanks to achieve all temperature

dets/a~ned (iir the 'wun and turre contia1 sjystemn fa/the 4148A-1 and operation with a single fluid nor logistically sound to

M6t0i tank,. lh, fluid hasv avi'tsl, 't' a/ centistakes at 98.9 C depend on two fluids to cover low and high temperature

aend/ '8/ ceatstAes at - ?.9 C (low temtperature i srosity weas operation, notwithstanding the attendant storage and
eli a/e brau erateraurevttrtta -handling problems, the development of a single hydraulic

uIreet)teet elt fluid to permit operation of existing equipment over the
tugopea/en eitm mnue.~at S t.9 C an rtisactry wide service temperature range becomes extremely im-

perloniance at hulk fluid tempera/arts oldappraximately 98.9 C portant. Accordingly, this laboratory undertook work (2)
Peilturniance al the latter temperatuye i -omparable ta That obtained to develop a hydraulic fluid which would be suitable for

wih irrntVsfec/~dA/L-1-68JBhyrulc lid.the M48A2 or M60 tank at all temperatures.'A .4len a test o/ 2/3 hours, wear, leakqge and corrosion were A prelintinary study of the operating characteristics and
negligible on nan-existent and n sig ti/i cant changes in fluid environmental factors led to the conclusions that the tank

properties were noted hydraulic fluid must not only have suitable viscometric

7his fluid elimtinates the need for hardweare modaications properties to permit optimum performance at all tern-

intallatiaoi v/heaters) in order ta permit usager at low temperatures peratures, but also must provide good rust protection,

q/ the miare ivicous .IIll-I1-60)&'tB spec )icat ion fluids or clterna- effective antiwear and oxidation stability, and exhibit

tivehv theco.,tit ol~tian a/nsing and tiackpilint' more than one fluid' minimum foaming and leakage characteristics. In addi-
(el/brnttisosfie * inorer o tchie'e llneahe caablit, tion, the fluid must be from a petroleum base stock to

INTRODUCTION
COMMANDER'S

Ylv dratilic fluJ. petroleum base, preservative, meeting iONTROL

Spec'ificatitmn %l I .-fl-Gt83B (modified to M IL-H--6083C ASS UREBL

in (tiober 19167) is currently used for ground equipment TRAVERSING~

b% the L'. S5. Army its an oiperational and preservative ACUAO ASCSEMBLY

flit i. In recent perfornmance tests on M'( 8A2) and M 60
tanks ( both tanks use the same hydraulic gun controlHYRUI
system) it was found (I / that the gun elevating and turret WR_ OO

traversitig systems ( Fi'g. 1) would not function at -53.9 C DECK CLEARANCE ONTROL ASSEMBLY

u1sing Il.--h08314 hydraulic fluid. Since movement of VALVE ASEMILY GUNNERS CONiTROL

the turret and gun are dependent on the amount (if fluid MI

delivered to (fhe hy-dr-aulic tmotor and to the elevating SHLVE ASOLYMLAO

nichasnistn respectively (Fig. 1), it becomes apparent that "GU

the principal cause eif inoperahility is tlie fact that theRERVI VATN

hydraulic system ats designed cannot move efficiently PUM ASMLY

viscosity tof IIA-I-W338B at -53.9 C is 4500 cSt). EETI

Presentof at h. 251h ASLE Annual Meeting
in Chicago, May 4-8, 1970 Fig. ? -Own Elevating end Turret Trawunin System.
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permit compatibility with seals, packings and "0" rings be achieved with a fluid having a viscosity of approxi-
found in existing military ground equipment. mately 350 centistokes was borne out by the fact that the

The work reported here describes the successful devel- base fluid permitted rotational speeds of 200 mils per
opment of a hydraulic fluid which permits operation of second after 15 seconds ofoperation at - 53.9 C (the latter
the M48A.2 tank gun control system over the temperature is equivalent to the performance of the MIL-H-6083B at
range from -- 53.9 C to 98.9 C for long periods of time. -31.6 C).

On the basis of the satisfactory low temperature per-

EXPERIMENTAL AND TEST RESULTS formance, the base stock was then modified with appro-
priate anti-wear, oxidation and rust inhibitors to provide

Preliminary performance tests showed that after ap- the required physical and chemical properties necessary
proximately five seconds of operation a presently qualified for possible use in all environments. The composition of
petroleum fluid meeting MIL---6083B (4500 centistokes the blend (designated P)-840) is given in Table 2 and
at - 53.9 C, 10 centistokes at 54.4 C) permitted a rmaxi- its properties are listed in Table I.
mu rotational speed for gun and turret of 215 mils per Since the base fluid used in formulating PD-840 repre-
second at -31.6 C (200 mils per second within 18 seconds sented a very low viscosity petroleum fraction (1.00
was considered acceptable for operation at -53.9 C (.3)). centisloke at 68,9 C2, 251) centistokes at -53.9 C), it be-
Since the viscosity of the MIL-H-6083B hydraulic fluid came necessary to conduct performance tests in M48A2
at -31.6 C was found to be 350 centistokes, it was de- tanks to determine whether such a low viscosity fluid
duced that this value would probably be the vi,/osity would perform satisfactorily over long periods of time.
needed for satisfactory operation of the gun control system particularly with respect to response rates. leakage and
at -53.9 C. The first approach, therefore, was to obtain wear. Accordingly, the turret and gun hydraulic control
a commercially available, relatively low aromatic, petro- system of an M48A2 tank was completely disassembled
leum base stock having such viscometric properties. and examined for compliance with specifications (4).
Physical and chemical characteristics of the high aniline Micrometer measurements were made on the pistons and
point fluid selected are given in Table 1. cylinders in the traversing motor (Fig. 3). The latter was

Comparative performance tests were then conducted selected for very close examination because it is the prime
(3) with the petroleum base stock and a MIL-H-6083B component controlling turret performance. This is be-
fluid in an M48A2 tank. It was found (Fig. 2) that from cause turret velocity is dependent upon t he speed attained
20 C to 52 C, the performance of the two fluids was nearly by the traversing motor when fluid i, directed through
the same. As the temperature dropped, however, differ- it, in a manner very similar in principle to a water wheel.
ences in performance became very pronounced as shown It is obvioo' *herefore, that as the driving fluid increases
by the fact that at -40 C, the MIL-H-6083B hydraulic in viscosity, as the ambient temperature decreases, oper-
fluid permitted a rotational speed of 140 mils per second ation of the traversing motor will become sluggish and
and the low viscosity fluid 350 mils per second. These the turret velocity will decrease. Conversely, as the ambi-
speeds were achieved five seconds after the gunner set his ent temperature goes ttp and the viscosity of the hydraulic
control for maximum slew rate. At -53.9 C, the base fluid fluid decreases, turret velocity will improve to an opti-
permitted speeds of 200 mils per second after 15 seconds mum. Peak performance can be expected thereafter for
and 426.7 mils per second after four minutes of operation. an indefinite range of temperature increases. Ultimately.
In contrast, MIL-H-6083B fluid, after a starting rota- however, temperatures and viscosities reach a point where
tiona( speed of approximately 15 mils per second at leakage, loss of precision control and the possibility of
-53.9 C permitted the turret to rotate only 300 mils per excessive wear of moving parts may be expected (5).
second after 30 minutes of operation. The original premise The hydraulic system was then reassembled using new
that satisfactory operation of the turret at -53.9 C, could BUNA N "0" rings, gaskets and seals and the turret was

placed on a supporting stand. Due to space limitations
of the environmental test chamber, the gun tube was

'at

TEMPERATURE, DEGREES C

ig. 2-Pow., A celeration, MILS/SIC. Versus Temperature (lapsed
Ti. S Soemnds). Fig. 3-Traversing Motor-PIstons and Cylinders.
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r-icmved anld weight% %ubItituted io that the center of the vehicle body. The test unit was allowed to soak

gravit. ,,f the tlirrrt remained the same (Fig. 4). These overnight at an ambient temperature of 51 ! C in the

maidificatiiri in no way altered the performance charac- climatic chamber. The gunner's control was then set to

ieriti% 4f tite gun and turret which is independent or rotate the turret at 50 mils per second which quickly
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AMBIENT TEST TEMP. 51I.7C

TAB! F 2-COMPOSITION OF PD-840 FLUID FLUID P0-4&

COMPOSITION WT., ' 00

Base oil 95.0 a . INITIAL
o AFTER /I

Tricresyl phosphate 1.5 ] 213 14OURS ]:

Phenyl-I-naphthylamine 0.5 1o

Barium dinonylnaphithylene sulfonate 3.0 S UG GTESTED

/ ESONSE

RATES
(REF 61

100
brought the bulk fluid temperature up to an average of
98.9 C. At the end of each day (i.e., eight hours) an 0
external examination was made of the hydraulic system 0 20 40 60 80 100

for leaks. None was reported over the life of the test which DISPLACEMENT ANGILES, DEGREES

was terminated after 213 hours. During the performance Fi. 5 Travesing Rat* Versus input Angle.
test, maximum turret velocities (slew rates) were deter-
mined for different input angles of the gunner's control.
Data obtained throughout and at the cnnchl;iio:, of 213
hours of testing (Fig. 5) showed that at all settings except DISCUSSION
the maximum, response rates equaled or exceeded sug- Since the viscosity of the PD-840 blend, dictated by
gested performance requirements (6). Samples ofoil were low temperature performance requirements, is signifi-
removed at intervals during the performance test for candy below that of currently used fluids conforming to
examination. The data on these samples are given in MIL-H-6083B specification, predicting long term opera-
Table 3. tional bel avior was somewhat questionable. However.

At the conclusion of the test, the hydraulic system was there was reason to believe that hydraulic system per-
disassembled and measurements made on the pistons and formance would be satisfactory despite the fact that there
cylinders of the traversing motor (Fig. 3). The data (Table was no prior tank experience where fluids so low in
4) show that the diametrical clearances (difference be- viscosity had been used. This was reasoned from data in
tween piston diameter and cylinder diameter) at the start reports coveriig the development and evaluation of high
of the test averaged 0.0012 inch; after 213 hours, clear- temperature fluids (8, 9, 10, 11). A case in point is the
ances averaged 0.0014 inch. Field test data have shown study of MLO-60-294. The fluid, a deep-dewaxed. highly
that a diametrical clearance of 0.003 inch (7) would still refined paraffinic base stock contained one percent tri-
permit satisfactory operation of the gun and turret. The cresyl phosphate, one pcrccns of a hindered bis phenol
components, therefore, were not only in excellent condi- and one-thousandth of one percent of a silicone defoamer.
tion but in fact could have been used once again for Evaluating MLO-60-294 in hydraulic fluid test stands
additional performance tests, utilizing aircraft components, Hopkins (9) and Benzin,

(10) reported excellent performance characteristics at
287.8 C notwithstanding that the viscosity of the fluid at
this temperature was 0.65 centistoke. Although the results
were not necessarily extrapolatable to the tank gun con-

-- trol system due to differences in hardware, operating
pressures, etc.. it was reassuring to learn that pump
performancewas satisfactory and that a low viscosity fluid
suitably inhibited permitted only minimal wear.

"FAr..3- PROPERTIES OF PI)-84) i)-'DKING
HIGH "'EMPERAI'RE TES-1

• * %I,€:is , St I R Isi' ' H~l~tts 37.78 C" - 1' NI, Ihc'

0 3.30 381 0.t4! 21 i

34 3.48 4t1I

43 3.47 107

213 3.47 f101 01l) 21i
Fig. 4-Tur'ot wilh Gun Remoced end Comm.emating Weights In Place,

Mounted on sod. Samc as in Table I,
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I kil I ItI..\NI R INILNI-S iIN( 11i OF' IIYRAII.IC MOTOR PISTO( NS AND CYLINDERS

11O1 I ANI) AVTIR 21.' M t)URS OF TESTING

N, I 1 8 1s )1 I[if ( I NC D[u %.%IF I I).sRi IAME IFt CI FARANCE INIHiW. lFINAi

('' 101.1080 4069 .0)11 .I955 .9955

G7 lilt." (1u12 A0(77 .4165 .(X)12 .99f55 .9955

lilt 111 .1)0611 .44(7: .4067 061 .9965 .9965

18 11 1 W 01)2 A0(86 . t)73 W0(13 .9960 .9959
Wl;1 100 00i' I 15 .108-4 .4069 .0015 .9956 .9952

12- 1 (PI .00(16 .A127 .4109 WI08 .9927 .9927

11211' 1) J0O(0 A4124 .4111) .0014 .9953 .9953

((5 .11 .1011 .4127 .4113 .W14 .%952 .9951

1127 W41I .513 .4129 .4113 W(16 .9971 .9971

14) 10801 .4068 W012 .14080) .4067 .0131 .9968 .9968

1 1 (25) 11(14 W116 .4129 .4109 .0020 .9918 .9918

12 .41~ Ii 411 (0)15 .4126 .4110) .0)016 .9955 .9955

1 .10801 .1047 t .00(1 .4082 .4070) .0012 .9%64 .9')U4

1 4(17- .I4o64 .00 11 .4076 .4064 .0012. .9949 .9949

1srg 0911 .1087 .00412 A4100 .4086 .0)014 .9953 .9953

Within the N148A2 hydraulic system as in many other (15), Barcroft (16), and Rounds (17) have shown that
flidc lublricatted systems, there exists two fundamental when steel sliding on steel was lubricated with TCP, the

ruecs of' lubhrica tion; naniel sx hydrodynamic or "thick phosphoric acid in or formed by FCP icacted with the
film" and boundary or "thin f ilnm". Under ideal hydro- steel surfaces to form a protective iron phosphate coating

dynamnic coilit ions of lubrication, i.e.. the laws of hy- which reduced wear. In the work reported here, the 213
drods'iianuics arc- valid on fluid films thicker than hour test period represented an approximate maximum
01)0425 inch 112) (clearances between pistons and cyl- operational use time of the tank before overhaul. In view
indrs in the traversing motor of the N148A2 tank average of the fact that the gun control system is used infrequently
0.01)2 inch (Table 4)). there should he no abrasive wear in field operation, 213 hours of continuous cycling of gun
since- tihe moving parts theoretically never touch each and turret represented operational time far beyond that
other. If. however. the fluid film which separates the metal normally specified for overhaul. It is especially significant,
surfikt.i decreases in thickness due to a change either in therefore, that performance which is dependent upon
viscosity or work load, it is highly probable that hydro- tolerances of hydraulic components remained excellent
dynamic lubrication would be replaced by boundary throughout this period. Examination of the disassembled
lubrication (mectal-to-mietal contact). At bulk fluid tem- traversing motor parts indicated that clearances between
peratures (If approximately 98.9 C encou:'teredl in the pistons and cylinders increased an average of only 0.0002
tank pterformance test, the viscosity of PD-840 was 1.32 inch (Table 4) which was not enough to affect response
centistokes. fin essence, this tant that the flow capability rates. This gave proof of the efficacy of TCP (containing
(of thec fluid had increased o~ver nornmal room temperature polar impurities) in the system.
levels, and was consequently more easily displaced. It was
quite possible, therefore, that many of the gun control
hs, draulic compoutents having extremely small diametrical SUMMARY
clearances woluld have progressed front hydrodynamic to A hydraulic fluid has been developed which permits
boundary, colnditions with the increase in temperature and effective operation of the U. S. Army's M48A2 and M60
load. In the area (If boundary lubrication, viscosity be- battle tanks over the temperature range from -53.9 C
comles muchel less inmportant and it is the chemical prop- to 98.9 C. Immediate economies realized through the use
erties of the fluids or additives which determine lubricat- (If this fluid are the elimination of the need for:
inR (apjafbilitv.

[he literature is repleat with references which show 1. Several fluids of different viscosities to cover the
tric-re-sl p)hosphate ClOP) toI be an effective anti-wear desired operating temperature range.
additive in petroleumn t hricants which are used in systems 2. Hardware modification and retrofit of existing tanks.
fabricatled lairgel % ofsteel. (;ldfrey (13), Klaus (14), Bieber 3. Installation of auxiliary heating equipment.
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The latter two would be necessary in order to permit the (7) Field and Depot MaintenatICe Manual. Gun E~levating stidon i ut

use of presently specified MIL.H-6083B hydraulic fluids Traversing System Tank, Coambat. Full Trracked 105 mrm. 6
TM9-235U-2t5,35i2, September. IW6(.

at .539C.(8) Klaus, E.> E., Tewksbury, F. J., anid Fettske. M. R., "A (:riti(,'
The work described here provides evidence of an im- Comparisont of Several Fluids a% High Trtperaturc Lubricants

portant technological advancement to the nmilitary serv- *, fChmi. and & D Iala, v. t), pp. 1#9 10 19)
icessine i hasbee deonstate tht a uitblyin- 9) Hotpkins, V., Wilso~n. 1). R., attd Klaus, E. E., 'Chemical and)
ice sice t hs ben emostrtedtha a uitblyin-Mechanical Characteristics of IDeep-IDesaxrcl Mineral Oil HN

hibited low viscosity hydraulic fluid is useful in ground draulic Fluid." 4SLE i aw. v 7. pp. 11)6 19i, W64).

systems over a wide range from - 53.9 C to 98.9 C for (10) Bruiing, R. J., anid Marshall. WA., "Air Force H-ydraulic Flout
Requirements and Matterials 1)eveloptttettt," Proceedings of thc

long periods of time. USAF Aerospacte Fluids and 1,ubriecinti Cottftrente. 16 14 Apti)

1963, pp. 102-114.
II tCaus, E. L.. T'ewksbury. E. J., and Frttsl.e. M. R., "Prtogress
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A low viscosity petroleum base hydraulic fluid having anti-wear, rust protection
and oxidation stability characteristics, has been developed for the gun and turret
control system of the M48A2 and M60 tanks. The fluid has a viscosity of 1. 32 centi-

tokes at 98. 9 C and 381 centistokes at -53. 9 C, (low temperature viscosity was dic-
tated by low t.2mperature starting requirements) thereby permitting operation within
minutes at -53.9 C, and satisfactory performance at bulk fluid temperatures of
approximately 98. 9 C. Performance at the latter temperature is comparable to that
obtained with currently specified MIL-H-6083B hydraulic fluids.

After a test of 213 hours, wear, leakage and corrosion were negligible or non-
existent and no significantchangesin fluid properties were noted.

Thi. fluid eliminates the need for hardware modifications (installation of heater4
in order to permit usage at low temperatures of the more viscous MIL-H-6083B
specification f7. Adds or alternatively the costly option of using and stockpiling more
than one fluid (different viscosities) in order to achieve all weather capability.
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